Purpose: To investigate the fatty acid content of different fat sources and evaluate the effect of them on plasma and hepatic lipids and on the fatty acid profile of the brain tissue of Wistar rats. Methods: Thirty male albino Wistar rats received for 59 days, the following diets: diet added of margarine with low content of polyunsaturated fatty acids (PUFA); diet added of margarine with high content of PUFA; diet added of butter; diet added of hydrogenated vegetable fat; diet added of soybean oil. Fatty acid profile of the lipid sources, blood and hepatic lipids fractions and fatty acid profile of the brain tissue were determined. Results: Margarine consumption of provided different responses as to concentrations of blood and hepatic lipid fractions. Intake of butter and hydrogenated increased LDL-c/HDL-c ratio, being the steepest increase promoted by hydrogenated vegetable fat, which also raised LDL-c levels expressively. All fats used in the treatments reduced the cerebral concentration of docosahexaenoic acid when compared to soybean oil (control).
of inflammatory cytokines tumor necrosis factor alpha (TNF-α) and interleukin 6 (IL-6) in humans with moderately increased LDL-c levels, which also contributes strongly for atherosclerotic effect, considering the different effects of these pro-inflammatory cytokines on lipid metabolism and inflammatory responses of the vascular system 7 . In addition, changes in plasma cholesterol levels induced by tFA can also affect immune responses, as evidenced by Simons and Ikonen
8
. Lee et al. 9 in turn showed SFA induced activation of nuclear factor κB (NFkB) and the expression of cyclooxygenase-2 (Cox-2) by the receiver Toll-like-4 (Tlr4), while polyunsaturated fatty acids (PUFA) inhibit their expression, when it is mediated by SFA.
Allied with the high intake of SFA and tFA, with consequent adverse effects reported, currently it is also noted further trend of reducing the consumption of essential PUFA. These fatty acids play important role in numerous physiological and biochemical functions in the body, and substitution of SFA by monounsaturated (MUFA) and PUFA fat sources in the diet is considered an effective strategy for the control of hypercholesterolemia and consequent reduction in the incidence of CVD. Numerous evidence also emphasize PUFA may influence the improvement of autonomic function, antiarrhythmic, decreased platelet aggregation and blood pressure, improved endothelial function, stabilization of atheromatous plaque and triacylglycerols levels 3 . Furthermore, deficiencies in these fatty acids may have various health damages 10 , especially on the cognitive function of the individual, related, for example, to the docosahexaenoic acid (DHA, 22:6 n-3) deficiency 11 . SFA are also related to the development of neurological disorders. Some studies indicate high intake of saturated fats and cholesterol are associated with loss of cognitive ability and increased incidence of Alzheimer. 12 
■ Introduction
According to the World Health Organization (WHO), cardiovascular disease (CVD) is the leading cause of death worldwide, accounting for 30% of global deaths 1 . In general, the pathophysiological basis for cardiovascular events is atherosclerosis, a chronic inflammatory disease closely associated with certain cardiovascular risk factors such as hypercholesterolemia, hypertriacylglyceridemia, lowering of HDL cholesterol (HDL-c), hypertension, diabetes mellitus and obesity 2 . Hypercholesterolemia, in particular, stands out for being one of the main responsible for metabolic disorders of lipids, and considered the greatest risk factor for CVD 3 . It is evident, therefore, the role of different dietary patterns on the modulation of atherosclerosis and cardiovascular risk factors, especially with regard to the presence of lipids in the diet. These standards, however, do not relate only to the quantity, but also the type of ingested lipids 4 . Features such as fatty acid chain length, degree of unsaturation and double bonds configuration, related to variations observed in fatty acids present in food (saturated, monounsaturated, polyunsaturated, trans), strongly influence the metabolism of these nutrients as well as blood concentration of cholesterol and its distribution in lipoproteins 2, 5 . It is noteworthy, in this case, the high consumption of saturated fatty acids (SFA) and trans fatty acids (tFA) by western populations, since they are present in many industrial products such as biscuits, cookies, ice cream, pies, chips among others. However, the high consumption of these fat sources are classically associated with elevation of plasma LDL cholesterol (LDL-c) and increased cardiovascular risk 6 . Other authors also state the consumption of hydrogenated fat with high content of tFA is related to the increase Given the above, and knowing the diversity of lipid sources available on the market, the differences between them in terms of fatty acid composition and the effects of these sources on biochemical parameters of the body related to lipid metabolism, this study aimed to analyze the content of fatty acids in commercial fat sources highly consumed by the population (margarine low in PUFA, margarine high in PUFA, butter and hydrogenated vegetable fat) and evaluate the effect of consumption of these sources on blood and liver lipid profiles, and on fatty acid profile of the brain tissue of Wistar rats.
■ Methods
The study was conducted according to the principles recommended by the Brazilian Society of Sciences in Experimental Animals (SBCAL) and was approved by the Internal Committee on Bioethics, Department of Veterinary Medicine, Universidade Federal de Lavras.
For the in vivo test 30 male albino Wistar rats (Rattus norvegicus), in the growth phase, initially weighing between 70 and 80g were used. The animals were from the central animal facility of the Universidade de Alfenas (Alfenas-MG, Brazil). The animals received for 59 days, standard AIN-93G diet 13 modified as to the fat source and total lipid content. The animals were divided into five groups and treated as follows: Group 1 (MGL) -diet added of margarine low in PUFA; Group 2 (MGH) -diet added of margarine high in PUFA; Group 3 (BT) -diet added of butter; Group 4 -(HVF) diet added of hydrogenated vegetable fat; Group 5 (Control) -diet added of soybean oil. All diets were given increment of 4% fat in substitution of starch, totaling 12% of lipids (Table 1) . Weight gain and feed intake of the animals were followed every 3 days to obtain the growth curve. These parameters were used to calculate the average daily intake (ADI), average daily gain (ADG) and feed efficiency coefficient (FEC).
At the end of the experimental period, the animals were fasted for 16 hours and then anesthetized with intraperitoneal injection of ketamine hydrochloride and 2% aqueous xylazine hydrochloride at doses of 60 and 20 mg. Kg -1 , respectively, for removal of blood from the large abdominal vessels through the thoracic and abdominal opening. Subsequently, livers and brains were removed for cholesterol and triacylglycerols analysis and chromatographic analyzes, respectively.
Analytical methods

Fatty acid profile of the lipid sources
The fatty acid profile of the lipid sources under study was determined by gas chromatograph Varian® (model 3800) equipped with flame ionization detector, injector type split/split-less, software for monitoring the analysis, capillary column of polyethylene glycol (Ohio Valley®) with 30 m long and 0.25 mm internal diameter, stationary phase nonbonded, thickness 0.25μm (Carbowax 20M). The identification of fatty acids was performed using standard fatty acids (Supelco, template 37 mix components FAME), comparing the retention times of the fatty acids of the sample with the retention times of the standards.
Determination of blood lipid fractions
Blood samples were centrifuged at 3000 rpm for 5 minutes in centrifuge Eppendorf/ Centrifuge 5415® to obtain the serum. The analysis of lipid fractions was performed by the colorimetric-enzymatic method, using the commercial kit (In Vitro Diagnóstica®) for total cholesterol (TC) (code CAT 10552), triacylglycerol (TG) (code CAT 10724) and high density lipoprotein (HDL-c) (code CAT 044).
Total cholesterol was determined after enzymatic hydrolysis and oxidation of serum samples for quantification of quinoneimine indicator, formed from hydrogen peroxide and 4-aminophenazone in the presence of phenol and peroxidase. Triacylglycerols were determined after enzymatic hydrolysis with lipases. Readings were performed in spectrophotometer at 500 nm. HDL-c fraction was determined by precipitation of chylomicrons. Very low density lipoprotein (VLDL-c) and LDL-c were determined by phosphotungstic acid and magnesium chloride.
Determination of hepatic lipid fractions
Liver samples were grinded and subjected to lipid extraction with chloroform: methanol (2:1) as described by Folch et al. 14 for the determination of total cholesterol and triacylglycerols, following the same procedures for blood tests described above.
Fatty acids in brain tissue
The lipid extraction of the brain was performed according to the method described by Folch et al. 14 , with adaptations. The fatty acids profile of the tissue was determined by gas chromatograph, following the same procedures adopted for analysis in lipid sources, as described above.
Statistical analysis
Results were expressed as the mean ± standard deviation. For comparisons between treatments, the numerical values were subjected to analysis of variance (ANOVA) followed by Tukey test. In all experiments the level of significance adopted was p <0.05. Table 2 shows the fatty acid profile of the fat sources analyzed. Among the SFA, C16:0 (palmitic) and C18:0 (stearic) were the most abundant ones in the samples tested, except in the margarine with high content of PUFA, whose concentration of C18:0 was low. In addition to presenting the highest concentration of C16:0 compared to other sources, butter stood out by the high concentration of C14:0 (myristic), which, according to Santos et al. 2 , it is a major contributor to the rise in cholesterol concentration. As for MUFA, the highest concentrations were observed in butter and hydrogenated vegetable fat, being C18:1 (oleic) the largest fraction obtained. PUFA, in turn, especially C18:2 ω-6 (linoleic acid) and C18:3 ω-3 (linolenic) were present in high concentrations in margarine samples. C18:2 ω-6 was found at intermediate amounts in hydrogenated vegetable fat. In addition, this product presented the highest concentration of C18:1. However, a large portion of these fractions possibly is in the trans form, as is characteristic of this product.
■ Results
Fatty acid profile of the lipid sources
From the results presented for SFA, total MUFA and PUFA, clear differences are noted between the samples tested. While butter and hydrogenated vegetable fat were the sources with higher fractions of SFA and MUFA, both margarines stood out by larger fractions of PUFA, and these fractions are even larger in margarine high in PUFA. As for fatty acids ω-6 and ω-3, higher concentrations were present in margarines.
In vivo assay Table 3 shows the daily average values during the experimental phase for feed intake (ADI), weight gain (ADG) and feed efficiency coefficient (FEC) of the experimental animals.
From data presented, it is noted that the type of dietary fat did not change significantly (p > 0.05) ADI and ADG of the animals during the experimental period. Values found for FEC, an index of the amount of feed used for weight gain, also did not differ significantly (p > 0.05) among the five types of diets tested. Table 4 shows the mean values of serum lipids (total cholesterol, HDL-c, VLDL-c, LDL-c and triacylglycerols) of the experimental animals. Total cholesterol values ranged from 74 to 92 mg/dL among the groups and, despite the observed variations were not significant (p > 0.05), numerically it can be seen the lowest average for this parameter were found in the groups treated with fat sources high in PUFA (Control and MGH). Values obtained for HDL-c were not significantly different (p > 0.05) among the groups. However, values obtained for group treated with hydrogenated vegetable fat was numerically smaller compared to the other groups, indicating its tendency to reduce this parameter, which is a negative factor as the concentration of HDL-c is directly related to the protective effect on cardiovascular disease 15 . For VLDL-c and triacylglycerols, no group differed significantly from control, however, significant differences were found for groups treated with margarine low in PUFA and hydrogenated vegetable fat, with the latter presenting the lowest values for both parameters.
Regarding LDL-c, significant differences (p ≤ 0.05) were found between the control group and the group treated with hydrogenated vegetable fat. In this case, hydrogenated vegetable fat increased significantly this parameter (379%).
For other groups, values found did not differ significantly when compared to values obtained for control and hydrogenated vegetal fat group.
LDL-c/HDL-c ratio for the experimental groups of this study are illustrated in Figure 1 . Although LDL-c/HDL-ratio ideal for rodents has not yet been determined and the value stipulated for humans cannot be used directly, it is agreed this relationship should be as small as possible to indicate beneficial feature. 16 Therefore, from data presented, it can be seen the group treated with hydrogenated vegetal fat shown the highest ratio of LDL-c/ HDL-c (0.93). This is probably due to high levels of saturated fatty acids presented (47.75%), mainly in trans configuration than the other lipid sources evaluated in this study. Followed by hydrogenated vegetable fat, butter also presented high LDL-c/HDL-c ratio (0.49), which may be explained by the higher content of saturated fatty acids (58.70%) such as myristic and palmitic acids, as well as presence of cholesterol. In the present study, it is also evident that, accompanied the elevation of LDL-c (significant for hydrogenated vegetable fat), the groups treated with hydrogenated vegetable fat and butter had decreased HDL-c values, which explains the high values found for this index.
On the other hand, lower levels were observed in the groups treated with margarine low in PUFA (0.32), margarine high in PUFA (0.26) and soybean oil (0.19), whose PUFA content was higher. It is worth mentioning although the hydrogenated vegetable fat presented high content of C18:1 in the tested product, its trans form is the most abundant, being therefore, a negative aspect of the product.
The low concentration of the essential fatty acids linoleic acid (ω-6) and linolenic acid (ω-3) found in butter, and of the linolenic acid found in hydrogenated vegetable fat may have contributed to the increase of LDL-c of the animals since these fatty acids. Table 5 shows the levels of cholesterol and hepatic triacylglycerols of the experimental groups. The concentration of hepatic cholesterol was similar between the animals treated with different fat sources. However, triacylglycerols levels were higher in groups fed margarines. The animals fed margarine with high level of PUFA had hepatic triacylglycerols levels increased (p ≤ 0.05) compared to the group treated with soy oil. This elevation where even more higher (p ≤ 0.01) for those fed margarine with low content of PUFA. As for the other fats (hydrogenated vegetable fat and butter) no effects were noted (p > 0.05) in the concentration of these hepatic lipids.
Regarding profile of fatty acids in the brain tissue, it was noted in this study, despite the difference in the fats ingested, the profile of the majority of fatty acids in brain remained uniform, as shown in Table 6 . However, docosahexaenoic acid (DHA) (C22:6 ω-3) was at varying concentrations in the different groups. * MGL -diet added of margarine with low content of PUFA; MGH -diet added of margarine with high content of PUFA; BT -diet added of butter; HVF -diet added of hydrogenated vegetable fat; Control -diet added of soybean oil. ** Means followed by the same letters within a line do not differ from each other by Tukey test at significance level of p < 0.05.
Eicosapentaenoic acid (EPA) and DHA (n-3 PUFA) improve or prevent some psychiatric and neurodegenerative diseases both in experimental and clinical studies. As important membrane components, these PUFA benefit brain health by modulating neuroimmune and apoptotic pathways, changing membrane function and/or competing with n-6 PUFA, the precursors of inflammatory mediators 37 .
The group BT, presented concentration of DHA in the brain significantly lower (4.35%) to the group MGL (11.37%), with an even greater difference when compared to the control group (soybean oil) (13.55%). The group MGH also showed significantly lower percentage (6.96%) than soybean oil, with values close to the HVF group (6.75%).
The values for total SFA, MUFA and PUFA were not different between the study groups. It is noteworthy, however, the concentration of MUFA in the brain was relatively close to the concentration present in the diet.
Although DHA synthesis is induced by the presence of α-linolenic acid, in the present study, the reduction of DHA is probably due to the absence of α-linolenic acid, or another fatty acid from ω-3 series. This was expressively noted in the brain of animals treated with butter, which presents α-linolenic acid in trace level (Table 2) .
■ Discussion
In the present study, the consumption of margarines of different brands shown the margarine with high content of PUFA content had increased hepatic triacylglycerol level. This increase was even more pronounced in the group treated with margarine with low content of PUFA, which also showed the highest levels of blood triacylglycerols and VLDL-c. Consumption of butter and hydrogenated vegetable fat increased the LDL-c/HDL-c ratio and the steepest rise was promoted by the hydrogenated vegetable fat, which also raised LDL-c levels separately.
The ability of hydrogenated vegetable fat in increase LDL-c, several mechanisms have been proposed for this change, such as: reduction of hepatic LDL-c receptors, greater activity acilcolesterilaciltransferase (ACAT), increasing esterification of cholesterol in lipoproteins containing apo B17 and increased amount of esterified cholesterol transported in LDL-c, due to rectilinear chemical conformation of the fatty acid 18 . Additionally, as high plasma LDL-c levels are among the main cardiovascular risk factors, even more discrete reductions in LDL-c levels, as observed in the present study must be considered. This fact is evidenced by Baigent et al. 19 in their meta-analysis of 26 trials. The authors found even small reductions in LDL-c can contribute significantly to the reduction of deaths from coronary heart disease.
The I Guideline on Fats Consumption and Cardiovascular Health published by the Brazilian Society of Cardiology 2 also reinforces this point by stating the first lipid target for cardiovascular prevention is the reduction of LDL-c. The researchers report several epidemiological and intervention studies, especially with statins, which show unequivocally that the reduction in levels of LDL-c decreases the chance of cardiovascular events, either in the case of those who already had an event (secondary prevention), or in who never showed it (primary prevention).
Furthermore, according to Santos et al. 2, although epidemiological studies report strong association between high intake of cholesterol and higher incidence of atherosclerosis, the dietary cholesterol has little effect on plasma concentration of cholesterol and atherosclerosis. Actually, SFA exert greater effect on blood cholesterol. However, because of the controversy over colesterolemiant effect of dietary cholesterol 20 , several international guidelines recommend the restriction of total fat and dietary cholesterol, aiming to reduce and control cholesterol and LDL-c levels 2 . According to Das 21 , however, along with other long chain PUFA, linoleic and linolenic fatty acids have the property of reducing serum cholesterol, by the ability to block the β-hydroxy-methylglutaryl coenzyme A reductase, reducing, thus, its activity.
Some studies, however, reported that exaggerated consumption of PUFA can lead to undesirable metabolic changes, providing, for example inflammatory conditions due to excessive formation of pro-inflammatory eicosanoids such as prostaglandins and leukotrienes 22 besides formation of reactive oxygen species (ROS) and consequent oxidative damage to cellular components 23 . Regarding triacylglycerols data, according to Hosomi et al. 24 two factors are related to changes in triacylglycerols levels in the body: lipid absorption in the intestine and stimulation of fatty acid oxidation in the liver, mediated by CPT1a.
However, according to Murray et al. 25 , hepatic triacylglycerols are immediate precursors of triacylglycerols contained in plasma VLDL-c. This process can be evidenced in the present study, since the group treated with margarine with high content of PUFA had significantly higher levels of liver triacylglycerols and, therefore, higher serum VLDL-c (Table  4) . Such behavior is also confirmed by the group treated with hydrogenated vegetal fat, which conversely showed lower levels of liver triacylglycerols and VLDL-c.
The accumulation of lipids in the liver tissue suggests possible occurrence of oxidative damage and disruption of homeostasis in glucose and lipid metabolism 17 . Thus, results regarding the increase in triacylglycerols levels in liver shows susceptibility of the tissue of these animals to peroxidation, with possible effect on increasing end products of lipid peroxidation.
In contradiction to the results of this study, Asadi et al. 20 investigated the effect of intake of different lipid sources for ten weeks in Wistar rats, using canola oil, corn, grapeseed oil and lactic acid derivative (yoghurt). Results showed significant decrease in triacylglycerol levels in the liver after grapeseed oil and yoghurt intake compared to other oils and the control group, treated with water.
All fats used in the treatments reduced the cerebral concentration of DHA when compared to soybean oil, and this reduction increased according to the following order: margarine with low content of PUFA, margarine with high content of PUFA, hydrogenated vegetal fat and butter.
DHA, together with EPA, is one of the most important lipids for brain due to their numerous physiologic properties, since they can assist in prevention of psychiatric and neurodegenerative diseases through neuroprotective effects involving the modulation of membrane flow, antiinflammatory responses and antioxidant activity 26. Although fatty acid uptake by the brain is selective, favoring PUFA entrance and excluding cholesterol, SFA and MUFA, the relative amount of fatty acids in blood can affect the degree of penetration of them in the central nervous system 27 . Greiner et al. 28 , analyzing the profile of fatty acids in the brain of rats consuming diet deficient in ω-3 fatty acids, identified significant reductions of 22:4 ω-6, 22:5 ω-3 and 22:6 ω-3 in the tissue evaluated. Ikemoto et al. 29 , in turn, administering sunflower oil as lipid source in the diet of mice, demonstrated a reduction of DHA and increased content of arachidonic acid in the brains of the animals.
In the same way fatty acid deficiency in the diet can alter the lipid composition of cells, altering thus, organ function, the presence of different fatty acids in the diet can also promote such changes. Weber et al. demonstrated different types of oils in the animal diet during growth and development phase at the concentration of 12%, may alter the composition of brain fatty acids such as linoleic acid, arachidonic acid and DHA. In the study, the authors cite the conventional sunflower oil is rich in linoleic acid and deficient in the α-linolenic acid. Consequently, the animals fed with this fat source had the lower concentration of DHA on brain when compared with other types of oil (sunflower oil rich in oleic acid, olive oil), while arachidonic acid content was higher in this tissue.
The lipids present in brain and other neural tissues are more resistant to change than other organs, especially in adults. However, it is incorrect to say the fatty acid composition in the brain cannot be affected by diet. The biggest changes in the concentrations of DHA in the brain are obtained with diets deficient in ω-3 during pregnancy, in the early stages of prenatal development and in numerous generations submitted to diet deficient in ω-3 27 .
■ Conclusions
The fatty acid profile of the fat sources analyzed indicated, in general, the fatty acids found in greater abundance were C16:0, C18:0, C18:1 and C18:2 ω-6. The in vivo experiment showed consumption of margarines of different brands provided different answers as to concentration of serum and hepatic lipid fractions. The animals treated with margarine with high content of PUFA content had increased hepatic triacylglycerol level. This increase was even more pronounced in the group treated with margarine with low content of PUFA, which also showed the highest levels of blood triacylglycerols and VLDL-c.
Consumption of butter and hydrogenated vegetable fat, in turn, did not alter the concentration of blood and hepatic cholesterol and triacylglycerols. However, these fat sources increased the LDL-c/HDL-c ratio. The steepest rise was promoted by the hydrogenated vegetable fat, which also raised LDL-c levels separately. All fats used in the treatments reduced the cerebral concentration of DHA when compared to soybean oil, and this reduction increased according to the following order: margarine with low content of PUFA, margarine with high content of PUFA, hydrogenated vegetal fat and butter.
■
